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(54) Reflecting film and reflector making use of the same 



(57) A reflecting film in its simplest form has at least 
a transparent polymer film (10) and a thin silver layer 
(30) applied on the transparent polymer film to reflect 
light entered from incident on and transmitted through 
the, transparent polymer, film. The reflecting film has a 
reflectance of at least 90% to visible tight even after 
exposure for 300 hours at a reflecting film temperature 
of lOO^'C and an exposure intensity of 500 mW/cm^ to 



artificial sunlight from which light of 390 nm and shiorter 
in wavelength has been eliminated. In fabricating the 
reflecting film, a surface (20) of the transparent polymer 
film (to) is preferably treated with a metal-containing 
plasma, and then the thin^iiver layer (30) is deposited 
on the treated surface. 
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plates in a-^aslSSiSt^TSS,!,^ "T"^ 

r5 with ozone to form black ^Iver^e Sjo) ^'^"^'^ ^ ^-^^^ formed. Further, it also reacts 

^ known to those sWIIed iath^^rt ^ * ^" " o^^lver in actual use is we»- 

As a publication which contains a detailed descrlDtionahoi it ♦ha«flrfr»™»—' ^ ■,. ■ 

made, for example, to VUzo Yamamoto ^'^''^'^^ -"ay be 

72-153, The Z Keizai ShinStS! SaT '^'^^^^ ^^^^r- 

. mentt^XtSTo^Tc^S^^^ 

empSyrn";,rSS'^r!S5l^;Se;^^^^^ Ha.e been ihcr^sing^ 

fluorescent lamps. These refl2gSe,s^e t^^^^^^^ '^"<cl crystal displays and including reflectors cJ 

layer construction of PET (poSXeSSateSl^^^^^^ '^''"^^ plates) having a 

reflecting sheets (silver-bsBed rS^„T^^T- ?^^^^^ 

layer/fhMilmatmir^um^^^^^^ of PETythin-film silver layer/adhesiS 

polymerfilm. and an adhesive iS^^ testS^^^^ 

dat,on upon exposure to the e^S^^^tTtS^^ilSJ'T '""^^ '"^"^ ^ 

and hence retaining a high ref S^^^amrTrsome s^^^^^ "^"^ 
plates and silver4)ased reflecting sheete wS't^rToM mS,^ ^ above-mentioned silver-based reflecting 
at 80-C. no discoloration in^alt^tyS^lIZZ^^ an a^nstant-temperature chamber controlled 

their reflectances were not reducS wSLnV^!^» 2k *° *® the sulfide or the like was observed and 

reflecting sheets w^'iS c^^rTl oTo houTrnl ^^^^^^^^^^ silver-based reflecting plates and sHver-based 

humidity), ne^herdiscoloration nor r~n:efi:.tn"r^^^ 

aboJ^r i^i^^rS^^^^^ - ^"^er sanples of the 

(trade name) manufactured by Q pS^^? ^A aT^I ISTI J''*" "j^'' ^ "^""'^ ^''"'P'"^^" 
irtoapuFplishred color This coVorisaLSSvdiffi^^^^^ 

of silver il the sulfide form or^ ^Ton t^^^^^^^^ f 

color produced through yellowing SkTesuK^fdfi^S^f mh^^^^ ^'^ ^^^^^e"* a 

inventors therefore decided to S a r^ucJ on in^t^^^^^^^^^^ 'f " ""'"^ ^^^^ "^^ P'^^"* 

to light (ultraviolet rays), "photc^e eriSor^^ vSt^o ^S!?^^ """"'^ P'^^^ ""^^^ e>=P°sure 

closed n Japanese p4nt UW-S^ N^^^^ '^Sylo!^ fT?"' P^°*«'^«rioration. the present inventors dis- 
rays). heat and the MoTaS^sXa^^^^^^^ I reneclor .mproved in the durability against light (ultraviolet 
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visible light from which ultraviolet rays had been eliminated, the reflecting surfaces became also discolored Into a pur- 
plish red color as in the case of exposure to ultraviolet rays. Moreover, the above photodeterioration by visible light was 
found to proceed very fast at high temperatures although it proceeded very slowly at room temperature. Accordingly, 
this deterioration will hereinafter be called "photothermal deterioration". 

5 FIG. 1 is a transmission electron micrograph (cross-sectional TEM picture) of a cross-section of a sample which 
undenwent photothermal deterioration. The sample is a reflecting film of the construction that a thin-film silver layer is 
arranged on PET, and was subjected to an accelerated deterioration test (accelerated photothermal deterioration test) 
for 30d hours at an expo^re intensity of 500 mW/cm^ and a sample temperature of 1 00*^0. The thin-film silver layer is 
observed to have partially separated from the PET. Further, particles of several tens nanometers in diameter are 

10 observed at an interface between the PET and the thin-film silver layer, thereby indicating intrusion of these particles in 
the PET. As a result of an analysis of these particles by electron probe micro-analyzer (EPMA), they were found to be 
silver^ incidentally, si large void which is seen on the right-hand sid^ih the picture is a void which is contained in a resin 
used lor the fixing of the sample. 

According to the above f iifidings of the present inventors, characteristics of photothermal deterioration can' be surn- 

15 marized as fbllouirs: (lj photothermal deterioration is a deteriorative phenomenon specific to an inter^cei between a pol- 
ymer f ilm aind a thin-film siW^t layer; (2) an analysis of a photbthermally-deteriorated portion by EPMA does not detect 
any of sulfur, chlorine and oxygen which are all detected in conventional deterioration of silver; and (3) no deterioration 
is observed in the thin-film silver layer at lany jXNiion thereof other than the interface between the polymer film and the 
thih-f ilm silver layer. 

20 ' 

SUMMARY QF THE INVENTION 

An object of the present ihverttion is to prevent discoloration of a reflector by photothermal deterioration found by 
the present inventors. More specifically. It is an object of the preserrt invention to provide a reflecting filhn which can 
25 avoid diiscoloration at its reflectihg surface, said discoloration being clearly observed when exposed to light at high tem^ 
peratures. and wtvch dah hence re^^ a reflectance of 90% or higher even after exposed to light. 

Another ofc>ject of the present invention is to provide a reflector which can avoid discoloration at its i-ef lecting sur- 
face, said discoloration being clearly observed when exposed to light at high temperatiires. and which can hence retain 
a reflectance of 90% or higher even after exposed to light. 
30 With a view to resolving such problems, the present inventors have proceeded with extensive research. As a result, 
it has been found that by application of a surface treatment with a metal-containing plasma to one side of a ti-ansparent 
polymer film and subsequent formation of a thin-film silver layer on tiie tiius-treated surface make it possible to prevent 
discoloration, which would otherwise occur at an interface between the transparent polymer film and the thin-film silver 
layer, and alsb to realize a reflector having a reflectance of 90% or higher even after a 300-hour accelerated photother- 
35 mal deterioration test. The above finding has led to the completion of the present 

The former object of ttie presient invention can be therefore achieved by a reflecting film having at least a transpar- 
ent polymer film and a thin-film silver layer applied on said transparent polymer film to reflect light entered from a side 
of said ti-ansparent polymer film, wherein said reflecting film retains a rdlectance of at least 90% to visible light even 
after said reflecting film is exposed for 300 hours at a reflector temperature of 100^*0 and an exposure intensity of 500 
40 mW/cm^ to artificial sunlight from light of 390 nm and shorter in wavelengtii has beein eliminated. 

Furtiier. the latter object of the present Invention can be achieved by a r^lector comprising a basematerial and tiie 
above reflecting film applied via an adhesive layer on said base material with said thin silver layer of said reflecting film 
being arranged opposite said adhesive layer. 

The invention is now explained in more detail, by way of example, in the following hon-limitative description taken 
45 in conjunction with the accompanying drawings, in which: 

FIG. 1 is a transmission electron micrograph of a cross-section of a photothermally-deteriorated reflecting film; 
FIG. 2 is a cross-sectional view showing the construction of a reflecting film according to a preferred embodiment 
of the present invention; 

so FIGS. 3, 4, 5. 6 and 7 are aoss-sectional views which individually show tiie constructions of reflectors according 
to preferred embodiments of the present invention: 

FIG. 8 is an AFM (Atomic Force Microscope) picture illustrating the nanostixicture of a surface of a transparent pol- 
ymer film not subjected to any plasma treatment; 

FIG. 9 is an AFM picture showing the nanostructure of a surface of a transparent polymer film subjected to surface 
55 treatment with a metal-containing plasma: 

FIG. 1 0 is a graph showing a specti^um of artificial sunlight obtained through a UV cut filter whose transmission limit 
wavelength was 390 nm; and 

FIG. 1 1 is a graph illustrating one example of a relationship between the time of exposure of a reflecting film to light 
and the reflectance of the reflector. 
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ThpSZ '^^/f'^'^J*"^^ according to the preserrtinvenfon. one having the simplest construction is shown in FIG 2 
I^rl r ' " Y"""^ P^'y'^^^ 10 a thin-film silver layer 30 applied ther«,noi 

b^r^hl^ T'^'T^^^ ^^<=e «hich forms an int^ce with the thin-filmXM^erTo h2 

,0 fl" ,i flrriar^^^ '^.f '"'"^ invention, the tJm "reflector" or -reflecting 

'^^.^7^ P^^'^'^y Which returns 92% or more of light in the visible range back into the sarlS 

nahtS*ircl?h!;1^^2f acting film according to the present invention will be described in brief. Most of 

f IS ^ 1 r ^ °* t^«"spa^ent polymer fOm 10 passes through the transparent polymer film 

10 and. Je treated surface 20. reaches the.thin^fHm silver layer 30. is reflected back by the thin-Sim silv^ laS r 

aresurfiir^^^t;';^^^^^ 

,hoJ^,^ 'T' '''IS^ f -T*^"^ ^ construction that the reflecting film shown in FIG. 2 and a metal 

sheet 50 are am.nated together via an adhesive layer 40. The thin-film silver layer 30 is in a contiguous reStionS, 

tTansfarX^T T. "^l 1h ^ ^^^^P'^' aPP^'"9 surface trea.^' a "e S^^f^e 

ransparent polymer Wm 1 0 wrth a metal-containing plasma to form a treated suri&ce 20. depositing the thin-film s iver 

ba^»,gtt,e adhes"/e l^er 40 and the metal sheet 50 together. In general, the lamination of the adhesive laye^and tS 
^ TJ f sheet .s <x,nducted .neont.nuation with the coating of the adhesive. As an alternative, it is also possSe to sep^ 
SJr'l^"! r"^?.'*"" adhesive and the^bondlngstep to the metal sheet. For exampleSaLX 
plastic Poh^ester-base adhes^e .s used as an adhesive, the bonding can be performed at any dSec^ timel^ c2Sna 
the coated adhesive to fuse with a heated roller. « y nme oy causing 

The reflortor which is illusft-ated in FIG. 4 has the construction tiiat the reflecting film shown in FIG 2 and another 
,n ''IT ^ ^? laminated together via an adhesive layer 40. The thin-film silverTayerloS?, a aSguc^s?SS 

«>y the polymer film 60. It can be fabricated in a similar manner as the reflector of FIG 3 

toroJJralT^rJ^is'iitri'"^ 

tor of FIG. 4. The light-shielding layer 70 can be formed, for example, by coating 

« 1 ehastheconstructionthatametallayerSO isarrangedbetweentheadhesive 

'«y«;;JO«"dmePo,y„,erf,,m60inthereflectordepict^ 

hand_me metallayer 80 on tiie polymer film 60 in accordance witt, vacuum evaporation or the «te anrSg le^^ 
mer film 60 with the metal layer 80 located opposite the adhesive layer 40. boSng the reflecto^to th3mer filS^^^^ 
via the adhesive layer 40. and then forming a light-shielding layer 70 ecronoinepoiymerfi!m60 

0 film 60 and the light-shielding layer 70 in the reflector shown in FIG. 5. This reflector can bBMnSZt^d^^ 
beforehand the m^al layer 80 on the polymerfilm 60 In accoidance with vacuum^^.Son oTTh^S a'nanlS 
polymer film 60 with me metal-layer-free side located opposite tiie adhesive layer 4Srand th^ bonrgihTSa 
film to tiie polymer film 60 via the adhesive layer 40. ' «■ uwnumgine reiiecting 

For the ti-ansparent polymer fUm in the present invention, polyetiiylene (PE). polypropylene (PP) Dolvstvrene rpq\ 

s pdyettylene terephthalate (PET), polyethylene terenaphthalate (PEN . poljUSLTerSate (PsTpSeS 
tones (PESs). polyetheretherketones (PEEKs). polycarbonates (PCs), polyimides (Pis), polyetherUS SS^^^^^^ 
noSlTt';^;' T'''*' «"0rinated resins and ti,e lile <!an' be used i Jhc^^^^;*'^ 

noted tha the usable resm ,s not limited to them. Any desired resin can be used insofar as it has transparency and a 
somewhat higher glass transition temperatjre. cis, Transparency ana a 

' tHlJU^^Tlt' M n fTJf °' ^^^^^P^^^"* ^^"'^ however preferred to use a 

*r.r^— °^^fo^I^uf ? fransparent polymerfilm employed in the present invention, it Is preferred to have a 
fransm.ss.on of 80% or higher for light whose wavelength is 550 nm. More preferably, the light trLmisSn for 
whose wave eng hs range from 500 to 600 nm is 80% or higher and. still more preferab y. the light transmiss.bn for Z 
whose wavetongths range from 400 to 800 nm is 80% or higher. A light transmission Jer than 80% leTd^ra fjf S 
ance tower than 90% when constructed into a reflector, and is not preferred from the standpoint of the pe^rma^tts 
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Incidentally, to Inrprove the light resistance of silver, it is preferred that the transparent polymer film has property to 
absorb ultraviolet rays. This has already been disclosed by the present inventors in U.S. Patent No. 5.276,600. 

A transparent polymer films having a light transmittance of 10% or lower for light whose wavelengths ranges from 
300 nm to 380 nm is a plastic film in which an ultraviolet absorber or the like has been incorporated or a plastic layer 
5 with an ultraviolet absorber, zinc oxide or the like formed thereon as a layer for blocking ultraviolet rays. 

In particular, a PET fOm containing an ultraviolet absorber is preferable. Illustrative samples of the ultraviolet 
absorber include benzotriazole ultraviolet absorbers, benzophenone ultraviolet absorbers and salicylate-ester ultravio- 
let absorbers. 

As a process for the formation of the thirvfilm silver layer, either a wet process or a dry process csui be used. The 
10 terrn "weVprocess" is a term generic to plating processes; and means a process for causing silver to deposit in the form 
of a film from a solution. A specific example Include a process making use of the silver min^or reaction. On the other 
hand, the term "dry process" is a term generic to vacuurri f ilm-formiiig processes. Specific examples include resistance- 
heating vacuuiri deposiition. electron-beam-heatirig vacuuhi deposition, ton plating^ loh-beam^assisted vacuum depbsi- 
tioh. afnd sputtering: Among these, vacuum deposition is particularly preferred for use In the present Invention because 
15 it permits film formation in a roll-to-roll manner, that is, in a continuous fashion. 

According to vacuum deposition, silver is deposited on a surface of a substrate (polymer film), preferably at a pres- 
sure of 0.1 mTorr (about 0.01 Pa) or lower, by fusing a silver source material by an electron beam, resistance heating, 
induction heating or the like, and riaiang the vapor pressure of silver 

According t6 ion plat'ng, silver is deposited oh a surface of a substrate by introducing a gas such as argon of a pres- 
to sure of 0.1 mTonr (about 0.01 Pd) or higher into a vacuum, inducing an RF or DC glowdischiarge. fusing a silver source 
material by an electron beam, resistancia heating, induction heating or the like, and raising the vapor pressure of silver. 

As a sputtering process, DC magnetron sputtering, RF magnetron sputtering, ion beam sputtering. ECR (electron 
cyclotron resonance) sputtering. converrtionaT RF ^sputtering, conventional DC sputtering or the like can be used. Con- 
ventional sputtering means a sputteririg process which is performed by an'angirig r^ 
25 vacuuhi vessel. In sputtering, a plate-shaped target of silver can be used as a source material, and helium, neon, argon, 
krypton, xenon or the like can be used as a sputtering gas. However, use of argon Is preferred. The purity of the sput- 
teringigas is preferably 99% or higher, more preferably 99.5% or higher. 

In the present invention, the thickness of the thin-film silver layer is preferably from 70 nm to 300 nm, more prefer- 
ably from 100 nm to 200 nm. If the thin-film silver layer is unduly thin, the film thickness of silver is not sufficient so that 
30 some light is allowed to pass therethrough, leading to a reduction in reflectance. Even if the thin-film silver layer is 
unduly thick on the other hand, the reflectance does not increase and shows a tendency of saturation and. from the 
viewpoint of achieving effective use of silver resource, such an unduly large thickness is hot preferred. 

The thin-film silver layer may contain one or more metal impurities to an extent that no adverse effects will be given 
to the performance. These metal impurities include gold, copper, nickel, iron, cobalt, tungsten, molybdenum, tantalum, 
35 chromium, indium, manganese, titanium and aluminum. The purity of silver in the thin-film silver layer is preferably 99% 
or higher, morie preferably 99.9% or higher, still more preferably 99.99% or higher. 

Thickrieiss measurement of each film such as the thih-film silver layer can be conducted using a tracer roughness 
meter, a multiple reflection interference meter, a miaobalance. a quiartz oscillator or the like. Of these, the method mak- 
ing use of the quartz oscillator permits thickness measurement of a film in the course of its formation and accordingly, 
40 is suited tor obtaining a film of a desired thickness. Further, it is also possible to control the thickness of a film on the 
basis of the f ilrh-forming time by determining conditions tor tiie tormation of the film, conducting tomiation of a film oh a 
test substrate and then Investigating a i'elationship between the film-forming time and the film thickness, all, in advance 
to the formation of the first-mentioned film. 

In the present invention, it is preferred to apply surface treatment with a metal-containing plasma to a transparent 
45 polymer film and then to form a thin-film silver layer on the treated surface. The application of such surface treatment In 
, the present invention is considered to prevent photothermal deterioration which tends to occur at the interface between 
the transparent polymer film and the tiiin-film silver layer. This metal-containing plasma treatment will hereinafter be 
described in detail. 

A metal-containing plasma can be obtained, for example, by introducing a discharge gas into a vacuum apparatus, 
50 forming a plasma by a DC glow discharge or an RF glow discharge and then introducing into the thus-formed plasma 
vapor particles of a metal which has been vaporized by an electron beam, resistance heating or Induction heating. As 
an alternative, a metal-containing plasma can also be obtained by subjecting a metal halide. hydride or the like to a 
decomposition reaction in a plasma which has been formed by a glow discharge. As a further alternative, a metal-con- 
taining plasma can also be obtained by using a desired metal as a negative electrode and producing a plasma by a DC 
55 glow discharge or an RF glow discharge. As a simpler mefliod, a metal-containing plasma can be obtained by conduct- 
ing sputtering while using a desired metal as a negative electrode or by combining a conventional evaporation process 
other than those mentioned above (arc evaporation, laser evaporation, cluster ion beam evaporation, or the like) with a 
plasma formed by an RF glow discharge or a DC glow discharge. 
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o,««^f f*®'!' f ♦l^* surfece treatment by the metal-containing plasma can be exore^ed in terms of fho 



N = D«p.N;^/M 



^ N = D-p.6.02x10'^/IW (2j 

■ ^^^^^ 

to deposit titanium atoms In an amount of 3 x 10^= atonrs/cJZ a surface of a ?CTfi?mmHor1hr^^ Accordingly, 
- 5 (sec) ft 18 therefore only -ecessary to conduct the surface treatment Ibr 5 seconds tawms/cm')) 

.5 for ,mprov,ng the adherence between the thin-film silver layer and L polymeTfill?, ^ 
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in a surface* so that condiitibns of the surfece shape can be determined. FIG. 8 is an AFM picture showing the nanos- 
tructure of a PET film surface not subjected to surface treatment, while FIG. 9 is an AFM picture of a PET film surface 
subjected to the above-described surface treatment. In FIG. 8, a trace like a scratch formed in the surtece of the PET 
film by the probe of the AFM is observed, and no clear picture was obtained. In FIG. 9, on the other hand, there are ho 
5 scratch made by the probe, and the picture was obtained in a clear form. The difference between the picture in FIG. 8 
and that in FIG. 9 may intuitively be attributed to a reduction in the penetration of the probe because of a change to the 
hardness of the surface of the polymer film by the surfece treatment. Physically. It may however be attributed to a 
change to the force which acts in the neighborhood of the surface between the probe and the surface. A comparison 
was therefore made between a curve of forces, which act between a surface of a surface-treated PET film and a probe 
10 (force curve), and a force curve of a PET film which has not been subjected to the surface treatment. It has been ascer- 
tained that the force curve of the untreated PET film presents extremely precipitous variations in the neighborhood of 
the surface but that of the treated PET film presents gentle variations. It has also been determined from FIG. 9 that the 
surface ruggedness of a PET film is about 10 nm in height. 

The metal, which has deix)sited on the surface of the polymer film by the surface treatment with the metal-contain- 
75 ing plasma, is considered to be localized on the surface because its amount is very small. Even if metal atoms are con'- 
sidered to regularly pile up layer after layer on a planar surface in an ideal manner, the metal atoms so piled up are as 
low as 0.5 layer to 10 layers or so. that is. are at nx>st 0.1 to several nanometers in height inso^r as the metal atoms 
are deposited in an amount of 5 xlO^^ to 1x10^® atoms/cm^. In contrast, the surface ruggedness of the PET film is as 
much as about 10 nm in height as mentioned above. It is therefore more reasonable to cbr^ider that in a surface of a 
20 transparent polymer film subjected to surface treatment with a metal-containing plasma, the metal may be deposited 
locally (for exarnple, on functional groups of the polymer of the film). This deposition is considered to be in a rather pre- 
ferred form. For exarrple. L. J. Gerenser investigated reaction sites for silver atoms on a PET film, and concluded that 
silver'atoms tend to react with cark^oxyr groups (Journal of Vacuum Sdence and Technology, A(8), 3682, 1990. 

The amount of th^ metal deposited on the surface of the transparent polymer film can be measured, for example. 
25 by X-ray photoelectron spectrometry (XPS) or Rutherford backscatterihg spectrometry (RBS), iriductively coupled 
plasma (IGP) emission spectrometry after dissolving the deposited metal, secondary ion mass spectrometry (SIMS), 
laser inducled f luorometry (LIF) or X^ray fluorescence analysis (XRF). XPS is prefen'ed froni the practical vieA^xrint 
although use of ICP or RBS is prefenred for accurate quantitation. When an actual measurement is performed by XPS, 
the amount of a deposited metal is assessed while taking a release depth of photoelectrons into consideration: Now 
30 assume tiiat subsequent to treatment with a Ti-containing plasma, tiie surface concentration of Ti has been found to be 
80% by XPS. Since the average depth of photoelectrons is 2 atom layers, Ti atoms can be assessed tb have deposited 
in an amount of 3 x 10^^ (2 atom layers) xO.8 » 2.4 x 10**^ atoms/cmf Inddentally. an advance calibration of measure- 
ment data of XPS by tiiose of ICP makes it possible to improve the accuracy of XPS measurements. 

After the application of the surface treatment to tiie transparent polymer film with the metal-containing plasma and 
35 the subsequent formation of the thin-film isilver layer on tiie treated surface, it is effective - for tiie protection of tiie thin- 
film silver layer and also for the improvement of the sliding property of tiie film - to deposit a single metal such as chro- 
mium, nickel, titanium, aluminum, molybdenum or tungsten or an alloy such as Inconel, Incoloy. Mbnel, Hastelloy. stain- 
less steel or duralumin in tiie form of a layer to a tiiickness of 10 nm to 30 nm on the tiiin-film silver layer. 

The reflectance of the reflecting film or reflector according to the present invention fabricated as diescribed above 
40 is preferably 90% or higher, nK)re preferably 92% or higher, still more preferably 94% or higher. 

Incidentally, the term "reflectance** as used herein means a value for light whose waivelengtii is 550 nm unless otii- 
erwise specifically indicated. 

To investigate the degree of deterioration of each reflector subsequent to rts exposure to light, the reflecting film is 
exposed at an exposure intensity of 500 mW/cm^ to artificial sunlight from which light of 390 nm and shorter in wave- 

4S length has been eliminated. The term ''artificial sunlight" means light having a spectrum similar to outdoor sunlight on 
a cloudless day. Described specifically, artificial sunlight is obtained by combining a xenon lamp witii an optical filter. To 
eliminate light components of 390 nm and shorter in wavelength from the artificial sunlight, a UV cut filter is used. By 
eliminating light of 390 nm and shorter in wavelength and adjusting tiie setting so that the intensity of exposure to the 
UV-free artificial sunlight became about 500 mW/cm^ on a surface of a sample, an accelerated photothermal deterio- 

so ration test was conducted as will be described below. By conducting an accelerated photothermal deterioration test 
under such conditions, it becomes possible to cause, in a short time, photodeterioration which occurs at an interface 
between a transparent polymer film and a thin-film silver layer and may pose problems in industry. 

It should however be noted here that, although tiie light irradiated in the accelerated photothermal deterioration test 
has been described to be artificial sunlight of the inadiation intensity of 500 mW/cm^ from which rays of 390 nm and 

55 shorter in wavelength were eliminated, artificial sunlight actually employed in each accelerated photothermal deteriora- 
tion test was artificial sunlight of an irradiation intensity of 500 mW/cm^ from which ultraviolet rays had been cut off by 
using a UV cut filter whose transmission limit wavelength was 390 nm. Accordingly, the reflecting film according to the 
present invention is a reflecting film which retains a reflectance of at least 90% at a wavelength of 550 nm when tiie 
reflector is maintained at the temperature of lOO'^C and is exposed at an exposure intensity of 500 mW/cnf to artificial 
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sunlightfromwhichdtravioletraysh^ 

5 B% (for example, a middle y/alue between a wTvJenl ^ the transmission becorties 

which the transmission becomes 5%^ M .sSrtoThlfhf ^ ^ ^"^ ^ wavelength at 

from the values of -^^'elengtt^wh^ t /^^^^^^^^^^^ '""'T" ^'^^'^"^ 

employed in subsequent examples, which was?btaiS toroh^^ iJ ..Iff^^^ °* ^""9''* 

was 390 nm. In view of this spectrum the iSiaSmSt J^S, 1^^^ transmission limit wavelength 

10 ultraviolet rays of 360 nm and sSiT' ^''^ ^"^"^ '^^ Pracfically defined as light without 

39l4?^Z'^1*® ^^f^ fitter whose transmission limit wavelength is 390 nm include "Sharp Gut RIter #SeF 

sion«mitUlengJ390™.:^rmi^^^^^^ 
^-ct-fc.Whfch«,erU^ 

heafltratCr^^^^^^ 

the metal sheet or polymer film which also indSrS^fnt,!^*^! the adhesive employed for the lamination with 
bem^ a renectng device at a curvature of radius of from 1 mmto 5 mm oT ^ 

orine rssins: and inorgarlc materials such n 
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resistance, so that it can be suitably employed in reflectors for outdoor use and also for applications where a reduction 
In the thickness of a material is needed. Brass, that is. a copper-zinc alloy has high mechanical strength and on top of 
this advantage, features easy soldering, so that it is suitably used in reflectors which require electrical grounding. A 
steel sheet has a low price, so that it is suitably employed for applications where the manufacturing costs have priority, 
for example, in reflectors for fluorescent lamps and the like. 

Regarding the thickness of the metal sheet as the base material, a smaller thickness is preferred from the view- 
points of a reduction in production cost and readiness in tending. On the other hand, from the viewpoints of handling 
ease and shape retainability upon lamination with a thin-film silver layer or the like, a larger thickness is better. The pre- 
ferred thickness of the metal sheet ranges from 0.05 mm to 5 mm, with 0:1 mm to 1 mm being more preferred and 0.2 
mm to 0.8 mm being still more preferred. 

Examples of the polymer film employed as the base material include films which are made of homopolymers or 
copolyifners such as polypropylene, polyethylene terephthalate (PET), polyethylene naphthalate (PEN), polybutylene 
terephthalate (PBT), acrylic resins, methacryllc resins, polyethersulfones (PESs), polyetheretherketones (PEEKs), 
polyacrylates, polyetherimides and polyimides. Particularly prefen'ed is a polyethylene terephthalate film. When this 
polymer film is positioned as an outermost layer when constructed as a reflecting member, a white polymer film is pre- 
ferred from the standpoint of an external appearance. 

Regarding the thickness of the polymer film as the base material, a smaller thickness is prefenred from the view- 
points of a reduction in production cost and readiness in bending. On the other hand, from the viewpoints of handling 
ease and shape retainability ipoh lamination with a thin-film silver layer or the like, a larger thickness is better. The pre- 
ferred thickness of the polymer film ranges from 5 )im to 500 pjn. with 10 ^m to 200 [im being more preferred and 15 
^m to 100 |im being still more preferred. 

As the thin-film silver layer contains defects such as pinholes, light may transmit therethrough although the trans- 
mission is very limited. When a polymer film is employed as a t>ase material, a metal layer and a light-shielding layer 
are used to block such tight. To prevent reflection of light which has entered the reflector from the side of the base mate- 
rial, a light-shielding layer can also be employed. For the metal layer. Al. Or or the like is used. As the light-shielding 
layer, a white coating formulation containing a white pigment dispersed in a resin can be used: Examples of the white 
pigment include alumina, titania (titanium white), lead oxide (lead white), zinc oxide (zinc white), calcium cartx^nate, 
bariunri carbonate, barium sulfate, potassium titanate. and sodium silicate. Examples of the resin as a dispersion 
mediurh for the pigment include acrylic resins, polyester resins and urethane resins or the like. 

A description will hereinafter be made of certain representative evaluation methods for the constructions and com- 
positions of reflecting films and reflectors as products of the present invention. The thickness of each of a thin-film silver 
layer, an adhesive layer and a base material can be directly measured by observing its cross-section through a trans- 
mission electron microscope (TEM). An analysis of the material of a polymer film can be conducted by performing an 
infrared (IR) spectrometric analysis. Further, an analysis of the material of an adhesive can be conducted by peeling off 
the thin-film silver layer and the base material to expose the adhesive, dissolving the adhesive in an appropriate solvent 
to i3repare a sample, and then performing an infrared (IR) spectrometric analysis of the sample. Analyses of the mate^ 
rials of the thin-film silver layer and the base material can be conducted by X-ray fluorescence spectrometry (XRF). In 
addition, an electron probe microanalyzer (EPMA) can perform an elemental analysis of a smaller area than X-ray flu- 
orescence spectronrietry (XRF). If the thin-film silver layer is exposed by peeling off the polymer film with the thin-film 
silver layer formed thereon from the adhesive layer, the composition of the thin-film stiver layer can be analyzed by 
Auger electron spectroscopy (AES) and its thickness can also be known by determining its depth profile. 

There are various methods for the measurement of a reflectance. In the exanples to be described subsequently 
herein, reflectances were measured by providing a spectrophotometer with an integrating sphere. Further, the light 
transmittance of a transparent polymer film or the like can be measured, for example, by providing a HITACHI auto- 
mated self-recording spectrophotometer (model: U-3400) with a film holder (model: 210-2112) and holding the trans- 
parent polymer film as a sample on the film holder. 

The present invention will hereinafter be descried based on the following examples. 

Each accelerated photothermal deterioration test was conducted by using, at an exposure intensity of 500 
mW/cm^. artificial sunlight from whieh light of 390 nm and shorter in wavelength had been eliminated. Further, each 
reflector was heated at lOO^C. As a light source, a solar simulator (model: YSS-505H; manufactured by Yamashita 
Denso K.K.) was used. In addition, a "Sharp Cut Filter L-39" (trade name; manufactured by Toshiba Kasei Kogyo K.K) 
was used to eliminate light of 390 nm and shorter in wavelength. 

The reflectance of each reflector was measured by providing the HITACHI automated self-recording spectropho- 
tometer (model: U-3400) with an integrating sphere whose diameter was 150 mm. As a reference, a standard white 
plate made of aluminum oxide was used. 

The light transmittance of each transparent polymer film was measured by providing the HITACHI automated self- 
recording spectrophotometer (model: U-3400) with the film holder (model: 210-21 12) and holding the transparent pol- 
ymer film as a sanple on the film holder. 
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Sr arho^rs ^"^^ an accelerated photothermal deterioration tL v^Si 

for 300 hours, the reflectance was measured agajn. The reflectance was found to be 91.5%. conouctea 
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A sample was produced in a similar manner to Example 1 except that the treatment was conducted to tte««it 
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gas. s.lj^r was then caused to deposit to a thicl^ess of 1 50 nm on me plim^^ 

terrng. The reflectance (namely, initial reflectance) of the sample so obtainedvra^SSram 

s^ixCho::^^*"^"™^^''^^-^"^^"^^^^ 

conducted lor 300 hours, the reflectance was measured again. The reflectance was found to be 95.4%. 
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found to be 96.0% After an accelerated photothermal deterioration test was ^uctX Siours Se 

was measured again. The reflectance was found to be 96.0%. lor juo nours. the reflectance 
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. ^^f"^'^ ^ff produced in a similar manner to Example 5 except that vanadium of 99.9% purity was used instead 
of the tten.um. The reflectance of the sample so obtained was measured from the side of the trrsS S^er 

hours, the reflectance was measured again. The reflectance was found to be 94.3%. 



Example 7 



of th^ S^"^ *° ^^^"^'^ S ^'^ePt cf^^o'^i"'" of 99-9% purity was used instead 
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The reflectance was found to be 95.7%. After an accelerated photothermal deterioration test was conducted for 300 
hours, the reflectance was measured again. The reflectance was found to be 91 .6%. 

Example 8 

A sample was produced in a similar manner to Example 5 except that copper of 99.99% purity was used insteaid of 
the titanium. The reflectance of the sample so obtained was meiasured from the side of the transparent polymer film. 
The reflectance was found to be 95.2%. After an accelerated photothermal deterioration test was conducted for 300 
hours/the reflectance was measured again. The reflectance was found to be 95.0%. 

Example 9 

A sample was produced in a similar manner to Example 5 except that zinc of 99.9% purity was used instead of the 
titanium. The reflectance of the sample so obtained was measured from the side of the transparent polymer film. The 
reflectance was found to be 95.0%. After an accelerated photothermal deterioration test was conducted for 300 hours, 
the reflectance was measured again: The reflectance was found to be 94.7%. 

Example 10 

A sample was produced in a similar manner to Example 5 except that tungsten of 99.9% purity was used instead 
of the titanium. The reflectance of the sample so obtained was measured from the side of the transparent polymer film. 
The reflectance was found to be 95.5%. After an accelerated photothermal deterioration test was conducted for 300 
hours, the reflectance was measured again: The reflectance was found to be 95.4%. 

Comparative Example 1 

Usingiilver of 99.9% purity as a material to be vaporized, silver was caused to deposit to a thickness of 150 nm by 
vacuum evaporation on a transparent polymer film (a PET film, product of Teijin Limited; Tetron Film Type HB3". trade 
name; thickness: 25 jmm; light transmittance: 87.3%). The reflectance of the sample so obtained was measured from 
the side of the transparent polymer film. The reflectance was found to be 96.0%. The inrtial reflectance was hence 
96.0%. that is. suffident. However, after an accelerated photothermal deterioration test was conducted for 300 hours, 
the reflectance was found to be as low as 51 .2%. The sample was therefore no longer suited as a reflector. 

Comparative Example 2 

Using silver of 99.9% purity as a target and argon of 99.5% purity as a sputtering gas, silver was caused to deposit 
to a thickness of 1 50 nm by DC magnetron sputtering on a transparent polymer film (a PET film, product of Toyobo Co., 
Ltd.; Type A4100". trade name; thickness: 25 fim; light transmittance: 87.6%). The reflectance of the sanrple so 
obtained was measured from the side of the transparent polymer film. The reflectance was found to be 96. 1 %. After an 
accelerated photothermal deterioration test was conducted for 300 hours, the reflectance was measured again. The 
reflectance was found to be 60.2%. Although the initial reflectance was as high as 96.1%, that is. sufficient, the reflect- 
ance after the accelerated photothermal deterioration test was as low as 60.2%. The sample was therefore no longer 
suited as a reflector. 

Comparative Example 3 

A sample was produced in a similar manner to Example 1 except that the treatment was conducted to deposit tita- 
nium in an amount of 5 x lO^^/cm^ on the surface. The reflectance of the sample so obtained was measured from the 
side of the transparent polymer film. The reflectance was found to be 82.9%. The initial reflectance was so low that the 
sample was not suited as a reflector. 

Comparative Example 4 

A sample was produced in a similar manner to Example 5 except that magnesium of 99.9% purity was used instead 
of the titanium. The reflectance of the sample so obtained was measured from the side of the transparent polymer film. 
The reflectance was found to be 95.8%. After an accelerated photothermal deterioration test was conducted for 300 
hours, the reflectance was measured again. The reflectance was found to be 31 .2%. Although the initial reflectance was 
as high as 95.8%. that is. sufficient, the reflectance after the accelerated photothermal deterioration test was as low as 
31.2%. The sample was therefore no longer suited as a reflector. 
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«f was produced in a similar manner to Example 5 except thai aluminum of 99.9% purity was used instead 

Of tt,e ttanium. The r^ectence of the sample so olrtained was measured from the side of the tra^S ^mTS 
JL.^l.^I^*'' ^ ^ ««^'e«ted photothemial deterioration test w?s ^SSSo 

hou.^ the r^le^ce««s measured again. The reflectance was foundtobe24.9%.A^^^^ 
as hjgh as 96.2%. that .s. sufficient, the reflectance after the accelerated photothemiaJ 

24.9%. The sample was therefore no longer suited as a refleclor. « oeierioraDontestwasastowas 

Comparative Example 6 



♦h. L^"^^-^^^^ ^ ^""'^^ "^"^ *° ^"V'® 5 except that silicon of 99.9% purity was used instead of 
the ftenHjm. Tl,e reflectance of the sample so obtained was measured from the side of mB^^^tZ^^^^ 

,5 ^^r^lL^Z.'^' *^™' '"'" '^^- ^««'^ «" «««'«^«ted Photothermal deterioration t^2^^^ 
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29.2%. The sample was therefore no longer suited as a reflector. «ef .oranon test was as low as 

The results of the above examples and comparative examples are summarized in the following table: 
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Metal used in plasma 
surface treatment 


Amount of deposited 
metal (atoms/cm?) 


Initial 
reflectance 


Reflectance after accelerated 
photolhermal deterioration test 


Ex. 1 


Ti 


5x10^^ 


95.5% 


91.5% 


Ex.2 


Tl 


5x10^^ 


95:4% 


94.7% 


Ex.3 


Ti 


1x10^® 


91.1% 


91.0% 


; Ex. 4 


Tl 


5x10^5 


95.6% 


95.4% 


Ex.5 


Ti 


5x10^5 


96.0% 


96.0% 


Ex.6 


V 


5x10^^ 


94.7% 


94.3% 


Ex. 7 


Cr 


5x10^5 


95.7% 


91.6% 


Ex. 8 


Cu 


5x10^^ 


95.2% 


95.0% 


Ex. 9 


2n 


5x10^^ 


95.0% 


94.7% 


Ex. 10 


W 


5x10^5 


95.5% 


95.4% 


Comp. Ex.1 
Comp. Ex.2 
Comp. Ex.3 
Comp. Ex.4 
Comp. Ex.5 
Comp. Ex.6 


None 
None 
Ti 
Mg 
Al 
Si 


5x10^^ 

5x10^^ 
5x10^5 

5)c10^^ 


96.0% 
96.1% 
82.9% 
95.8% 
96.2% 
96.2% 


51.2% 
60.2% 

31.2% 
24.9% 
29.2% 
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R-om the above results, it is understood that the treatment of a surface of a transparent polymer film by a olasma 
conteinmg T. V. Cr. Cu. Zn or W can suppress a reduction in reflectance due to phototherrS d^terSn anS Z 
ma,ntajn a reflectance of 90% or higher even after an accele^ted photothermal deLoratirtl is cS^ for 
hours. Wrth respect o the samples obtained in Examples 5 to 10 and Conparative Example 2. Siiions in^^^^^^ 
were .nvesftga ed along the passage of time in their accelerated photothermal deteriLionTr^e fiute a^e 
shown .n FIG. 1 l^n wh.ch elapsed test time is plotted along the abscissa while reflectance plottS along^he ^^^^ 

:^rrSrnrs^ 
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Claims 

1. A reflecting film having at least a transparent polymer film and a thin silver layer applied on said transparent poly- 
mer film to reflect light entered from a side of said transparent polymer film, wherein said reflector retains a reflect- 
ance of at least 90% to visible light even after said reflector is exposed for 300 hours at a reflector temperature of 
100°C and an exposure intensity of 500 mW/cm^ to artificial sunlight from which light of 390 nm and shorter in 
wavelength has been eliminated. 

2. A reflecting film according to claim 1 . wherein the reflectance to visible light is a whole light reflectance to light hav- 
ing a wavelength of 550 nm. 

3. A reflecting film according to cl airn 1, where in said transparent polymer film is a polyethylene terephthalate film. 

4. A reflecting film according to claim 1 .wtierein said transparent polymer film is subjected on one stde thereof to sur- 
face treatment with a metal-containing plasma to provide a treated surface and said thin silver layer is then formed 
on said treated surface. 

5. A reflecting film according to claim 4, wherein an amount of metal atoms deposited per unit area on said treated 
surface of said transparent polymer film by said surface treatment ranges from 4 x 10^*^ atoms/cm^ to 2 x 10^^ 
atoms/cm^, for example from 1 x 1 0^^ atoms/cm^ to 8 x 10^^ atoms/cm^. 

6. A refllBcting film according to claim 4 or claim 5, wherein said metal is a hfietal selected froni titanium, vanadium, 
chromium, copper, zinc or tungsten, preferably titanium or tungsten. 

7. A reflecting film according to claim 1 or 4. wherein said transparertt polymer film has a light trahismittance of 10% 
or lower to light haying wavelengths of 300 nm and higher and 380 nm and lower. 

8. A reflector comprising a base material and a reflecting film according to claim 1 or 4 applied via an adhesive layer 
on said base material witii said thin silver layer of said reflecting film being an-anged opposite said adhesive layer. 

9. A reflector according to claim 8. wherein said base material is a polymer film or a metal sheet. e.g. selected from 
an aluminum sheet, a brass sheet, a stainless steel sheet or a steel sheet. 

1 0. A reflector comprising a reflecting film according to claim 1 or 4. an adhesive layer, a polymer film and a light-shield- 
ing layer stacked one over another in fliis order, or said film, an adhesive layer, a metal layer, a polymer film and a 
light-shielding layer stacked one over anotiier in this order, or said film, an adhesive layer, a polymer film, a metal 
layer and a light-shielding layer stacked one over another in this order, in each case with said thin silver layer of said 
reflecting film being arranged opposite said adhesive layer. 

11 . A reflector according to claim 8, wherein said transparent polymer film has a light transmittance of 1 0% or lower to 
light having wavelengtiis of 300 nm and higher and 380 nm and lower. 
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